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Effects of grain size on deep drawability of AZ31

magnesium alloy sheets into square cup

Hiroyuki WATANABE¥*, Toshiji MUKATI*
Keisuke SUZUKI ** and Toru SHIMIZU**

The influence of grain structure on the formability of an AZ31 magnesium alloy rolled sheet was examined by deep
drawing for five materials. Each sheet was formed at a drawing speed of 60 mm/min into a cup, which had a square
bottom of 50 X 50 mm?, and a maximum depth of 18 mm. It was found that the materials with grain sizes of <10 ym
could be formed to the maximum depth without cracking, even at the lowest temperature investigated (423 K).
Tensile mechanical testing of the rolled sheets revealed that these materials with high drawability also had a high
Lankford value at the forming temperature. In addition, the surface roughness at the corners of the deep drawn cup
was somewhat reduced in the fine—grained materials. The present results suggest that a magnesium alloy sheet with
a fine—grain structure has the potential for deep drawing at relatively low temperatures.
(Received May 27, 2002)
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Fig. 1 Typical microstructures of the rolling plane for the
(a) GT, (b) GA, (c) FT, (d) FA and (e) CG materials.

The rolling direction is horizontal.

Table 1 Grain sizes of magnesium sheets used in the
present study

Material Grain size (um)
GT 7
GA 10
FT 14
FA 16
CG 22
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Fig. 2 Schematic illustration of the die and blank configu-
ration for deep drawing of the magnesium sheet into a
square cup.
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Fig. 3 Load-displacement curves during deep drawing of
the magnesium sheets at (a) T=423 K and (b) T=473
K.

Fig. 4 Appearances of blank (left), the part formed at 423
K using the CG material (center), and the part formed at
473 K using the GA material (right) . Cracks are indicat-
ed by the arrows.
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Fig. 5 The depth of the drawing, below which the cracks

were not formed, for five magnesium sheets at a tempera-
ture of 423 K.
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Fig. 6 Surface appearances at the corners of the formed
cup for the (a) GT, (b) GA, (c¢) FT, (d) FA and (e) CG

materials. The forming was carried out at 473 K.



J.JILM 53 (2003. 2)

I E b b oD, TXTOMECHRIZICH S h o g X
e, GT, GA, FT, FA M54, REIHLEWNZ 5, 1T
HoteDeR LT, RHMAHEMELET S CC M T
M8 CTH - K, 423K CT18 mm B X F CHIU W RE
THo-1 GTHE GAMD 2 —FEFoFEHEIL, GT HoEMH
TR BEGBEC I > T b DD, 473K THRIZ L7 CG
MoZh X & -7,

BEmD 2 — 5o 3 7 v HEA B LIk % Fig. 7
TR T, BIIZ4T3 K TiT» T\ 5, BIERICIL Ich - 7o
Mi7ebaRi 2 Bl5s S, 5 1RAERIC B\ TETICHE 5 ik
DEALHBE LI L 25, AT 7ofs SR TR S
TW5B 2 ENTER I NI, 20 X5 I L, 7o&xiF
GAMDOEE, BOTR0.23ICKE T TR » T i,
SRR OFERENBLHE LT, M2 - CHE I
TAIAS fRL b B R OB FRAS i X D TR S hic & B2 B
N5, BIEHTORE ROV WIE EBT L S TEEL S A tc ki dikr

I

Fig. 7 Typical microstructures at the corners of the
formed cup for the (a) GT, (b) GA, (c) FT, (d) FA and
(e) CG materials. The forming was carried out at 473 K.

53

LN WEMEH D, GT, GAM TiE 1um £E, FT, FA
M5 um B, CCHM T2 5umBEThH-7c, D
OB, AZ31EE O SR H Rl CBE S hick
WERBETH 57217, Ffo, RIBRTORRREI VNI g &
AL S IR OEIE IR E S 2D > 7o, ZD X

5 Te B LB ChL BE I ek, 2 — iz S
TULTehs - 2

— e, IMTOFRIC X » Tl Z 5 RAF i g+ E
HTF & UCHRE R D 0, KEdbp il 7013 & R S 25
INE L T BIEBD B B, X TEIHIFERS AT & 5 fE kb i
ML EER OO > T b EELBND, R
DD R T BT, BIEEO 2 — FEOEHRAOIE &\ 5
B D SRS ERRL M 7o AR O T 05 R b M & LTH
FLWEEZDBRD,

3.2 =ESIEEM

—EANC, R D BB D BRI 7o bR O 5 [REFEC 81T 2
HEL LT, O KEWI L, nfliikEw (77 V28
VI I2ME S, BOER CRIBEROBE S 1) &,
rMESAKE LS ENETHRTWBY, KT, ERD
B AT - TR S T R A T\, BRI S, Bk
O, nfl, r{fi% HEE L7z, Table 212, 3[3EJFHANERLETST
& EE SRR ICKT DT L hOfEx & Lo, B2ED
fodie, FITFHEBY D AZ3T GEdkES © 10~20um) 1I©
B DRI LTS,

FlRB I, BEO LR L EIBPALTED, MEhC X
HREMLECTIRD S NIeh o T, BB ONE, 423K Tl
R OE T X D650 H71% D%, 473 K Ti3660-583%
DR LT\ 5, 473 K TR L A HOEDEI K &
T o> T\ BH, BRE L FRRICHERC X 23 32 -
Too £ o T, VR D BB ORIk, B —ihs | R O R
FELTEMW O BT & EAREETH D EEX BB,

nf#ly, FT#H T423K L0473 K WTFHOEETH0.1LLTF
DFENMEZ R LTc, UMD 4 FEOMEITIE, 0.25005
0.320 HELHIE\ME T H - Too BIFIBIEMEZR LIc GT #
X, A BIEENS 57 CG M L4238 K I\ CRIFRE O
R LT\ 5%, FAMILFTH &L TRV I L b &R
L, BEle g LI X5 EBbh 2B PBEIR, LrL
FT A EEE W nfHEIC S 2 vb B3, 423K ICk\\T 3
FHIC L VIS AR Lic, PLEDREENBZE 2 T n flH
oM TR IIWEEL LR D,

rfElE, BED R L LD B EmS TR TOME
THZE IR, 473K TETNTOME T, 1.8BEOHED

Table 2 Tensile properties of magnesium sheets at elevated temperatures. Tensile direction is 90° to the rolling direction

UTS (MPa) Elongation (%) n—value r—value

Material

423 K 473 K 423 K 473 K 423 K 473 K 423 K 473 K
GT 174 125 71 83 0.26 0.28 3.45 1.90
GA 175 124 71 75 0.32 0.26 5.41 1.87
FT 190 132 66 66 0.01 0.05 2.58 1.71
FA 171 122 66 78 0.28 0.26 2.65 1.75
CG 172 123 65 66 0.26 0.30 2.27 1.78
AZ31% 186 111 76 81 0.15 0.02 2.71 1.66
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Table 3 The variation in r—value against tensile testing
angle to the rolling direction at a temperature of 423 K

o o o

Material 0 45 90

GT 2.05 2.35 3.38
CG 2.03 1.59 2.27
AZ31Y 2.08 1.39 2.67
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